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ROUTE 1: Travel Stop 1 -2

Hap Distance: 189

End: Stop 2, Distance To Slop 191
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ROUTE 1: Travel Stop 4-5
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ROUTE 1: Travel Stop 5-6
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ROUTE 2: Travel Stop 3-4
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ROUTE 2: Travel Stop 5-6
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ROUTE 3: Travel Stop 34
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CONCEPTS FOR DETERMINING THE
ACCURACY OF MAP DATA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 14/169,682 filed Jan. 31, 2014, which is hereby incorpo-
rated herein in its entirety by reference.

BACKGROUND

Map vendors, such as Tele Atlas® and NAVTEQ®, pro-
vide digital/electronic geographical maps to a variety of cli-
ents for different purposes. For example, map vendors may
provide digital maps to (a) Internet websites for providing
driving directions to consumers; (b) cellular companies to
include in smartphones; (¢) government agencies (e.g., the
United States Department of Agriculture and Environmental
Protection Agency) for use in their respective government
functions; and (d) transportation and logistics companies,
such as United Parcel Service of America, Inc. (UPS), for
determining and optimizing delivery routes. Unfortunately,
the digital maps provided by vendors are not always accurate.
Thus, a need exists for determining the accuracy of digital
maps and identifying the inaccuracies.

BRIEF SUMMARY

In general, embodiments of the present invention provide
methods, apparatus, systems, computing devices, computing
entities, and/or the like for determining the accuracy of map
data.

In accordance with one aspect, a method for determining
the accuracy of map data is provided. In one embodiment, the
method comprises (1) determining an estimated distance for
traveling from a first serviceable point to a second serviceable
point, the estimated distance determined based at least in part
onmap data; (2) determining an actual distance traveled from
the first serviceable point to the second serviceable point
based at least in part on telematics data collected while a
vehicle traveled from the first serviceable point to the second
serviceable point; and (3) determining the accuracy of the
map data based at least in part on the difference between the
estimated distance and the actual distance.

In accordance with another aspect, a computer program
product for determining the accuracy of map data is provided.
The computer program product may comprise at least one
computer-readable storage medium having computer-read-
able program code portions stored therein, the computer-
readable program code portions comprising executable por-
tions configured to (1) determine an estimated distance for
traveling from a first serviceable point to a second serviceable
point, the estimated distance determined based at least in part
on map data; (2) determine an actual distance traveled from
the first serviceable point to the second serviceable point
based at least in part on telematics data collected while a
vehicle traveled from the first serviceable point to the second
serviceable point; and (3) determine the accuracy of the map
data based at least in part on the difference between the
estimated distance and the actual distance.

In accordance with yet another aspect, an apparatus com-
prising at least one processor and at least one memory includ-
ing computer program code is provided. In one embodiment,
the at least one memory and the computer program code may
be configured to, with the processor, cause the apparatus to
(1) determine an estimated distance for traveling from a first
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serviceable point to a second serviceable point, the estimated
distance determined based at least in part on map data; (2)
determine an actual distance traveled from the first service-
able point to the second serviceable point based at least in part
on telematics data collected while a vehicle traveled from the
first serviceable point to the second serviceable point; and (3)
determine the accuracy of the map data based at least in part
on the difference between the estimated distance and the
actual distance.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

Having thus described the invention in general terms, ref-
erence will now be made to the accompanying drawings,
which are not necessarily drawn to scale, and wherein:

FIG. 1 is a diagram of a system that can be used to practice
various embodiments of the present invention.

FIG. 2 is a diagram of a data collection device that may be
used in association with certain embodiments of the present
invention.

FIG. 3 is a schematic of a mapping computing entity in
accordance with certain embodiments of the present inven-
tion.

FIG. 4 is a schematic of a mobile device in accordance with
certain embodiments of the present invention.

FIG. 5 is a flowchart illustrating operations and processes
that can be used in accordance with various embodiments of
the present invention.

FIGS. 6A, 6B, 6C, 7-23A,23B-28, 29A, and 29B illustrate
exemplary input and output in accordance with various
embodiments of the present invention.

DETAILED DESCRIPTION

Various embodiments of the present invention now will be
described more fully hereinafter with reference to the accom-
panying drawings, in which some, but not all embodiments of
the inventions are shown. Indeed, these inventions may be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein; rather,
these embodiments are provided so that this disclosure will
satisfy applicable legal requirements. The term “or” is used
herein in both the alternative and conjunctive sense, unless
otherwise indicated. The terms “illustrative” and “exem-
plary” are used to be examples with no indication of quality
level. Like numbers refer to like elements throughout.

1. COMPUTER PROGRAM PRODUCTS,
METHODS, AND COMPUTING ENTITIES

Embodiments of the present invention may be imple-
mented in various ways, including as computer program
products that comprise articles of manufacture. A computer
program product may include a non-transitory computer-
readable storage medium storing applications, programs, pro-
gram modules, scripts, source code, program code, object
code, byte code, compiled code, interpreted code, machine
code, executable instructions, and/or the like (also referred to
herein as executable instructions, instructions for execution,
program code, and/or similar terms used herein interchange-
ably). Such non-transitory computer-readable storage media
include all computer-readable media (including volatile and
non-volatile media).

Inone embodiment, a non-volatile computer-readable stor-
age medium may include a floppy disk, flexible disk, hard
disk, solid-state storage (SSS) (e.g., a solid state drive (SSD),
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solid state card (SSC), solid state module (SSM)), enterprise
flash drive, magnetic tape, or any other non-transitory mag-
netic medium, and/or the like. A non-volatile computer-read-
able storage medium may also include a punch card, paper
tape, optical mark sheet (or any other physical medium with
patterns of holes or other optically recognizable indicia),
compact disc read only memory (CD-ROM), compact disc-
rewritable (CD-RW), digital versatile disc (DVD), Blu-ray
disc (BD), any other non-transitory optical medium, and/or
the like. Such a non-volatile computer-readable storage
medium may also include read-only memory (ROM), pro-
grammable read-only memory (PROM), erasable program-
mable read-only memory (EPROM), electrically erasable
programmable read-only memory (EEPROM), flash memory
(e.g., Serial, NAND, NOR, and/or the like), multimedia
memory cards (MMC), secure digital (SD) memory cards,
SmartMedia cards, CompactFlash (CF) cards, Memory
Sticks, and/or the like. Further, a non-volatile computer-read-
able storage medium may also include conductive-bridging
random access memory (CBRAM), phase-change random
access memory (PRAM), {ferroelectric random-access
memory (FeRAM), non-volatile random-access memory
(NVRAM), magnetoresistive random-access memory
(MRAM), resistive random-access memory (RRAM), Sili-
con-Oxide-Nitride-Oxide-Silicon memory (SONOS), float-
ing junction gate random access memory (FIG RAM), Mil-
lipede memory, racetrack memory, and/or the like.

In one embodiment, a volatile computer-readable storage
medium may include random access memory (RAM),
dynamic random access memory (DRAM), static random
access memory (SRAM), fast page mode dynamic random
access memory (FPM DRAM), extended data-out dynamic
random access memory (EDO DRAM), synchronous
dynamic random access memory (SDRAM), double data rate
synchronous dynamic random access memory (DDR
SDRAM), double data rate type two synchronous dynamic
random access memory (DDR2 SDRAM), double data rate
type three synchronous dynamic random access memory
(DDR3 SDRAM), Rambus dynamic random access memory
(RDRAM), Twin Transistor RAM (TTRAM), Thyristor
RAM (T-RAM), Zero-capacitor (Z-RAM), Rambus in-line
memory module (RIMM), dual in-line memory module
(DIMM), single in-line memory module (SIMM), video ran-
dom access memory (VRAM), cache memory (including
various levels), flash memory, register memory, and/or the
like. It will be appreciated that where embodiments are
described to use a computer-readable storage medium, other
types of computer-readable storage media may be substituted
for or used in addition to the computer-readable storage
media described above.

As should be appreciated, various embodiments of the
present invention may also be implemented as methods, appa-
ratus, systems, computing devices, computing entities, and/or
the like. As such, embodiments of the present invention may
take the form of an apparatus, system, computing device,
computing entity, and/or the like executing instructions
stored on a computer-readable storage medium to perform
certain steps or operations. However, embodiments of the
present invention may also take the form of an entirely hard-
ware embodiment performing certain steps or operations.

Embodiments of the present invention are described below
with reference to block diagrams and flowchart illustrations.
Thus, it should be understood that each block of the block
diagrams and flowchart illustrations may be implemented in
the form of a computer program product, an entirely hardware
embodiment, a combination of hardware and computer pro-
gram products, and/or apparatus, systems, computing
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devices, computing entities, and/or the like carrying out
instructions, operations, steps, and similar words used inter-
changeably (e.g., the executable instructions, instructions for
execution, program code, and/or the like) on a computer-
readable storage medium for execution. For example,
retrieval, loading, and execution of code may be performed
sequentially such that one instruction is retrieved, loaded, and
executed at a time. In some exemplary embodiments,
retrieval, loading, and/or execution may be performed in par-
allel such that multiple instructions are retrieved, loaded,
and/or executed together. Thus, such embodiments can pro-
duce specifically-configured machines performing the steps
or operations specified in the block diagrams and flowchart
illustrations. Accordingly, the block diagrams and flowchart
illustrations support various combinations of embodiments
for performing the specified instructions, operations, or steps.

II. EXEMPLARY ARCHITECTURE

The system may include one or more vehicles 100, one or
more mapping computing entities 110, one or more Global
Positioning System (GPS) satellites 115, one or more net-
works 105, one or more user computing entities 135, one or
more mobile devices 145, and/or the like. Each of these
components, entities, devices, systems, and similar words
used herein interchangeably may be in direct or indirect com-
munication with, for example, one another over the same or
different wired or wireless networks. Additionally, while
FIG. 1 illustrates the various system entities as separate,
standalone entities, the various embodiments are not limited
to this particular architecture.

a. Exemplary Vehicle

In various embodiments, the term vehicle 100 is used
generically. For example, a vehicle 100 may be a tractor, a
truck, a car, amotorcycle, amoped, a Segway, a bicycle, a golf
cart, a hand truck, a cart, a trailer, a tractor and trailer com-
bination, a van, a flatbed truck, a vehicle, and/or any other
form of object for moving or transporting people and/or items
(e.g., one or more packages, parcels, bags, containers, loads,
crates, items banded together, vehicle parts, pallets, drums,
the like, and/or similar words used herein interchangeably).
Although in certain embodiments, the vehicle may be
unmanned. In one embodiment, each vehicle 100 may be
associated with a unique vehicle identifier (such as a vehicle
ID) that uniquely identifies the vehicle 100. The unique
vehicle ID (e.g., trailer ID, tractor ID, vehicle ID, and/or the
like) may include characters, such as numbers, letters, sym-
bols, and/or the like. For example, an alphanumeric vehicle
1D (e.g., “AS445”) may be associated with each vehicle 100.
In another embodiment, the unique vehicle ID may be the
license plate, registration number, or other identifying infor-
mation assigned to the vehicle 100.

FIG. 1 shows one or more computing entities, devices,
and/or similar words used herein interchangeably that are
associated with the vehicle 100, such as a data collection
device 130 or other computing entities. FIG. 2 provides a
block diagram of an exemplary data collection device 130
that may be attached, affixed, disposed upon, integrated into,
or part of a vehicle 100. The data collection device 130 may
collect telematics data (including location data) and transmit/
send the data to the mobile device 145, the mapping comput-
ing entity 110, and/or various other computing entities via
one of several communication methods.

In one embodiment, the data collection device 130 may
include, be associated with, or be in communication with one
or more processors 200, one or more location-determining
devices or one or more location sensors 120 (e.g., Global
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Navigation Satellite System (GNSS) sensors), one or more
telematics sensors 125, one or more real-time clocks 215, a
J-Bus protocol architecture, one or more electronic control
modules (ECM) 245, one or more communication ports 230
for receiving telematics data from various sensors (e.g., via a
CAN-bus), one or more communication ports 205 for trans-
mitting/sending data, one or more RFID tags/sensors 250,
one or more power sources 220, one or more data radios 235
for communication with a variety of communication net-
works, one or more memory modules 210, and one or more
programmable logic controllers (PL.C) 225. It should be noted
that many of these components may be located in the vehicle
100 but external to the data collection device 130.

In one embodiment, the one or more location sensors 120
may be one of several components in communication with or
available to the data collection device 130. Moreover, the one
or more location sensors 120 may be compatible with GPS
satellites 115, such as Low Earth Orbit (LEO) satellite sys-
tems, Department of Defense (DOD) satellite systems, the
European Union Galileo positioning systems, the Chinese
Compass navigation systems, Indian Regional Navigational
satellite systems, and/or the like. This data can be collected
using a variety of coordinate systems, such as the Decimal
Degrees (DD); Degrees, Minutes, Seconds (DMS); Universal
Transverse Mercator (UTM); Universal Polar Stereographic
(UPS) coordinate systems; and/or the like. Alternatively, tri-
angulation may be used in connection with a device associ-
ated with a particular vehicle and/or the vehicle’s operator
and with various communication points (e.g., cellular towers
or Wi-Fi access points) positioned at various locations
throughout a geographic area to monitor the location of the
vehicle 100 and/or its operator. The one or more location
sensors 120 may be used to receive latitude, longitude, alti-
tude, heading or direction, geocode, course, position, time,
and/or speed data (e.g., referred to herein as telematics data).
The one or more location sensors 120 may also communicate
with the mapping computing entity 110, the data collection
device 130, mobile device 145, and/or similar computing
entities.

As indicated, in addition to the one or more location sen-
sors 120, the data collection device 130 may include and/or be
associated with one or more telematics sensors 125. For
example, the telematics sensors 125 may include vehicle
sensors, such as engine, fuel, odometer, hubometer, tire pres-
sure, location, weight, emissions, door, and speed sensors.
The telematics data may include, but is not limited to, speed
data, emissions data, RPM data, tire pressure data, oil pres-
sure data, seat belt usage data, distance data, fuel data, idle
data, and/or the like (e.g., referred to herein as telematics
data). The telematics sensors 125 may include environmental
sensors, such as air quality sensors, temperature sensors, and/
or the like. Thus, the telematics data may also include carbon
monoxide (CO), nitrogen oxides (NOx), sulfur oxides (SOx),
ozone (O,), hydrogen sulfide (H,S) and/or ammonium (NH,,)
data, and/or meteorological data (e.g., referred to herein as
telematics data).

In one embodiment, the ECM 245 may be one of several
components in communication with and/or available to the
data collection device 130. The ECM 245, which may be a
scalable and subservient device to the data collection device
130, may have data processing capability to decode and store
analog and digital inputs from vehicle systems and sensors.
The ECM 245 may further have data processing capability to
collect and present telematics data to the J-Bus (which may
allow transmission to the data collection device 130), and
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output standard vehicle diagnostic codes when received from
avehicle’s J-Bus-compatible on-board controllers 240 and/or
sensors.

As indicated, a communication port 230 may be one of
several components available in the data collection device
130 (orbe in or as a separate computing entity ). Embodiments
of the communication port 230 may include an Infrared data
Association (IrDA) communication port, a data radio, and/or
a serial port. The communication port 230 may receive
instructions for the data collection device 130. These instruc-
tions may be specific to the vehicle 100 in which the data
collection device 130 is installed, specific to the geographic
area in which the vehicle 100 will be traveling, specific to the
function the vehicle 100 serves within a fleet, and/or the like.
In one embodiment, the data radio 235 may be configured to
communicate with a wireless wide area network (WWAN),
wireless local area network (WL AN), wireless personal area
network (WPAN), or any combination thereof. For example,
the data radio 235 may communicate via various wireless
protocols, such as 802.11, general packet radio service
(GPRS), Universal Mobile Telecommunications System
(UMTS), Code Division Multiple Access 2000
(CDMA2000), CDMA2000 1x (IxRTT), Wideband Code
Division Multiple Access (WCDMA), Time Division-Syn-
chronous Code Division Multiple Access (TD-SCDMA),
Long Term Evolution (LTE), Evolved Universal Terrestrial
Radio Access Network (E-UTRAN), Evolution-Data Opti-
mized (EVDO), High Speed Packet Access (HSPA), High-
Speed Downlink Packet Access (HSDPA), IEEE 802.11 (Wi-
Fi), 802.16 (WiMAX), ultra wideband (UWB), infrared (IR)
protocols, Bluetooth protocols (including Bluetooth low
energy (BLE)), wireless universal serial bus (USB) protocols,
and/or any other wireless protocol.

b. Exemplary Mapping Computing Entity

FIG. 3 provides a schematic of a mapping computing entity
110 according to one embodiment of the present invention. In
general, the terms computing entity, entity, device, system,
and/or similar words used herein interchangeably may refer
to, for example, one or more computers, computing entities,
mobile phones, desktops, tablets, notebooks, laptops, distrib-
uted systems, gaming consoles (e.g., Xbox, Play Station,
Wii), watches, glasses, key fobs, radio frequency identifica-
tion (RFID) tags, ear pieces, scanners, cameras, wristbands,
kiosks, input terminals, servers or server networks, blades,
gateways, switches, processing devices, processing entities,
set-top boxes, relays, routers, network access points, base
stations, the like, and/or any combination of devices or enti-
ties adapted to perform the functions, operations, and/or pro-
cesses described herein. Such functions, operations, and/or
processes may include, for example, transmitting, receiving,
operating on, processing, displaying, storing, determining,
creating/generating, monitoring, evaluating, comparing, and/
or similar terms used herein interchangeably. In one embodi-
ment, these functions, operations, and/or processes can be
performed on data, content, information, and/or similar terms
used herein interchangeably.

As indicated, in one embodiment, the mapping computing
entity 110 may also include one or more communications
interfaces 320 for communicating with various computing
entities, such as by communicating data, content, informa-
tion, and/or similar terms used herein interchangeably that
can be transmitted, received, operated on, processed, dis-
played, stored, and/or the like. For instance, the mapping
computing entity 110 may communicate with vehicles 100,
mobile devices 145, and/or the like.

As shown in FIG. 3, in one embodiment, the mapping
computing entity 110 may include or be in communication
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with one or more processing elements 305 (also referred to as
processors, processing circuitry, and/or similar terms used
herein interchangeably) that communicate with other ele-
ments within the mapping computing entity 110 via a bus, for
example. As will be understood, the processing element 305
may be embodied in anumber of different ways. For example,
the processing element 305 may be embodied as one or more
complex programmable logic devices (CPLDs), micropro-
cessors, multi-core processors, coprocessing entities, appli-
cation-specific instruction-set processors (ASIPs), and/or
controllers. Further, the processing element 305 may be
embodied as one or more other processing devices or cir-
cuitry. The term circuitry may refer to an entirely hardware
embodiment or a combination of hardware and computer
program products. Thus, the processing element 305 may be
embodied as integrated circuits, application specific inte-
grated circuits (ASICs), field programmable gate arrays (FP-
GAs), programmable logic arrays (PL.As), hardware accel-
erators, other circuitry, and/or the like. As will therefore be
understood, the processing element 305 may be configured
for a particular use or configured to execute instructions
stored in volatile or non-volatile media or otherwise acces-
sible to the processing element 305. As such, whether con-
figured by hardware or computer program products, or by a
combination thereof, the processing element 305 may be
capable of performing steps or operations according to
embodiments of the present invention when configured
accordingly.

In one embodiment, the mapping computing entity 110
may further include or be in communication with non-volatile
media (also referred to as non-volatile storage, memory,
memory storage, memory circuitry and/or similar terms used
herein interchangeably). In one embodiment, the non-volatile
storage or memory may include one or more non-volatile
storage or memory media 310 as described above, such as
hard disks, ROM, PROM, EPROM, EEPROM, flash memory,
MMCs, SD memory cards, Memory Sticks, CBRAM,
PRAM, FeRAM, RRAM, SONOS, racetrack memory, and/or
the like. As will be recognized, the non-volatile storage or
memory media may store databases, database instances, data-
base management system entities, data, applications, pro-
grams, program modules, scripts, source code, object code,
byte code, compiled code, interpreted code, machine code,
executable instructions, and/or the like. The term database,
database instance, database management system entity, and/
or similar terms used herein interchangeably may refer to a
structured collection of records or data that is stored in a
computer-readable storage medium, such as via a relational
database, hierarchical database, and/or network database.

In one embodiment, the mapping computing entity 110
may further include or be in communication with volatile
media (also referred to as volatile storage, memory, memory
storage, memory circuitry and/or similar terms used herein
interchangeably). In one embodiment, the volatile storage or
memory may also include one or more volatile storage or
memory media 315 as described above, such as RAM,
DRAM, SRAM, FPM DRAM, EDO DRAM, SDRAM, DDR
SDRAM, DDR2 SDRAM, DDR3 SDRAM, RDRAM,
RIMM, DIMM, SIMM, VRAM, cache memory, register
memory, and/or the like. As will be recognized, the volatile
storage or memory media may be used to store at least por-
tions of the databases, database instances, database manage-
ment system entities, data, applications, programs, program
modules, scripts, source code, object code, byte code, com-
piled code, interpreted code, machine code, executable
instructions, and/or the like being executed by, for example,
the processing element 305. Thus, the databases, database
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instances, database management system entities, data, appli-
cations, programs, program modules, scripts, source code,
object code, byte code, compiled code, interpreted code,
machine code, executable instructions, and/or the like may be
used to control certain aspects of the operation of the mapping
computing entity 110 with the assistance of the processing
element 305 and operating system.

As indicated, in one embodiment, the mapping computing
entity 110 may also include one or more communications
interfaces 320 for communicating with various computing
entities, such as by communicating data, content, informa-
tion, and/or similar terms used herein interchangeably that
can be transmitted, received, operated on, processed, dis-
played, stored, and/or the like. For instance, the mapping
computing entity 110 may communicate with computing
entities or communication interfaces of the vehicle 100,
mobile devices 145, and/or the like.

Such communication may be executed using a wired data
transmission protocol, such as fiber distributed data interface
(FDDI), digital subscriber line (DSL), Ethernet, asynchro-
nous transfer mode (ATM), frame relay, data over cable ser-
vice interface specification (DOCSIS), or any other wired
transmission protocol. Similarly, the mapping computing
entity 110 may be configured to communicate via wireless
external communication networks using any of a variety of
protocols, such as GPRS, UMTS, CDMA2000, 1xRTT,
WCDMA, TD-SCDMA, LTE, E-UTRAN, EVDO, HSPA,
HSDPA, Wi-Fi, WIMAX, UWB; IR protocols, Bluetooth pro-
tocols, USB protocols, and/or any other wireless protocol.
Although not shown, the mapping computing entity 110 may
include or be in communication with one or more input ele-
ments, such as a keyboard input, a mouse input, a touch
screen/display input, audio input, pointing device input, joy-
stick input, keypad input, and/or the like. The mapping com-
puting entity 110 may also include or be in communication
with one or more output elements (not shown), such as audio
output, video output, screen/display output, motion output,
movement output, and/or the like.

As will be appreciated, one or more of the mapping com-
puting entity’s 110 components may be located remotely
from other mapping computing entity 110 components, such
as in a distributed system. Furthermore, one or more of the
components may be combined and additional components
performing functions described herein may be included in the
mapping computing entity 110. Thus, the mapping comput-
ing entity 110 can be adapted to accommodate a variety of
needs and circumstances.

c. Exemplary Mobile Device

FIG. 4 provides an illustrative schematic representative of
a mobile device 145 that can be used in conjunction with
embodiments of the present invention. Mobile devices 145
can be operated by various parties, including operators of
vehicles 100. As shown in FIG. 4, a mobile device 145 can
include an antenna 412, a transmitter 404 (e.g., radio), a
receiver 406 (e.g., radio), and a processing element 408 that
provides signals to and receives signals from the transmitter
404 and receiver 406, respectively.

The signals provided to and received from the transmitter
404 and the receiver 406, respectively, may include signaling
data in accordance with an air interface standard of applicable
wireless systems to communicate with various entities, such
as vehicles 100, mapping computing entity 110, and/or the
like. In this regard, the mobile device 145 may be capable of
operating with one or more air interface standards, commu-
nication protocols, modulation types, and access types. More
particularly, the mobile device 145 may operate in accor-
dance with any of a number of wireless communication stan-
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dards and protocols. In a particular embodiment, the mobile
device 145 may operate in accordance with multiple wireless
communication standards and protocols, such as GPRS,
UMTS, CDMA2000, IxRTT, WCDMA, TD-SCDMA, LTE,
E-UTRAN, EVDO, HSPA, HSDPA, Wi-Fi, WiMAX, UWB,
IR protocols, Bluetooth protocols, USB protocols, and/or any
other wireless protocol.

Via these communication standards and protocols, the
mobile device 145 can communicate with various other enti-
ties using concepts such as Unstructured Supplementary
Telematics data (USSD), Short Message Service (SMS),
Multimedia Messaging Service (MMS), Dual-Tone Multi-
Frequency Signaling (DTMF), and/or Subscriber Identity
Module Dialer (SIM dialer). The mobile device 145 can also
download changes, add-ons, and updates, for instance, to its
firmware, software (e.g., including executable instructions,
applications, program modules), and operating system.

According to one embodiment, the mobile device 145 may
include location determining aspects, devices, modules,
functionalities, and/or similar words used herein interchange-
ably. For example, the mobile device 145 may include out-
door positioning aspects, such as a location module adapted
to acquire, for example, latitude, longitude, altitude, geocode,
course, direction, heading, speed, UTC, date, and/or various
other information/data. In one embodiment, the location
module can acquire data, sometimes known as ephemeris
data, by identifying the number of satellites in view and the
relative positions of those satellites. The satellites may be a
variety of different satellites, including LEO satellite sys-
tems, DOD satellite systems, the European Union Galileo
positioning systems, the Chinese Compass navigation sys-
tems, Indian Regional Navigational satellite systems, and/or
the like. Alternatively, the location information may be deter-
mined by triangulating the mobile device’s 145 position in
connection with a variety of other systems, including cellular
towers, Wi-Fi access points, and/or the like. Similarly, the
mobile device 145 may include indoor positioning aspects,
such as a location module adapted to acquire, for example,
latitude, longitude, altitude, geocode, course, direction, head-
ing, speed, time, date, and/or various other information/data.
Some of the indoor aspects may use various position or loca-
tion technologies including RFID tags, indoor beacons or
transmitters, Wi-Fi access points, cellular towers, nearby
computing devices (e.g., smartphones, laptops) and/or the
like. For instance, such technologies may include iBeacons,
Gimbal proximity beacons, BLE transmitters, Near Field
Communication (NFC) transmitters, and/or the like. These
indoor positioning aspects can be used in a variety of settings
to determine the location of someone or something to within
inches or centimeters.

The mobile device 145 may also comprise a user interface
(that can include a display 416 coupled to a processing ele-
ment 408) and/or a user input interface (coupled to a process-
ing element 408). For example, the user interface may be an
application, browser, user interface, dashboard, webpage,
and/or similar words used herein interchangeably executing
onand/or accessible via the mobile device 145 to interact with
and/or cause display of information. The user input interface
can comprise any of a number of devices allowing the mobile
device 145 to receive data, such as a keypad 418 (hard or soft),
atouch display, voice or motion interfaces, scanners, readers,
or other input device. In embodiments including a keypad
418, the keypad 418 can include (or cause display of) the
conventional numeric (0-9) and related keys (#, *), and other
keys used for operating the mobile device 145 and may
include a full set of alphabetic keys or set of keys that may be
activated to provide a full set of alphanumeric keys. In addi-
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tion to providing input, the user input interface can be used,
for example, to activate or deactivate certain functions, such
as screen savers and/or sleep modes. Through such inputs the
mobile device can collect contextual data as part of the
telematics data.

The mobile device 145 can also include volatile storage or
memory 422 and/or non-volatile storage or memory 424,
which can be embedded and/or may be removable. For
example, the non-volatile memory may be ROM, PROM,
EPROM, EEPROM, flash memory, MMCs, SD memory
cards, Memory Sticks, CBRAM, PRAM, FeRAM, RRAM,
SONOS, racetrack memory, and/or the like. The volatile
memory may be RAM, DRAM, SRAM, FPM DRAM, EDO
DRAM, SDRAM, DDR SDRAM, DDR2 SDRAM, DDR3
SDRAM, RDRAM, RIMM, DIMM, SIMM, VRAM, cache
memory, register memory, and/or the like. The volatile and
non-volatile storage or memory can store databases, database
instances, database management system entities, data, appli-
cations, programs, program modules, scripts, source code,
object code, byte code, compiled code, interpreted code,
machine code, executable instructions, and/or the like to
implement the functions of the mobile device 145.

d. Exemplary User Computing Entity

The user computing entities 135 may each include one or
more components that are functionally similar to those of the
mapping computing entity 110 and/or the mobile device 145.
For example, in one embodiment, each of the user computing
entities may include: (1) a processing element that commu-
nicates with other elements via a system interface or bus; (2)
a user interface; (3) transitory and non-transitory memory;
and (4) a communications interface. As previously noted, the
user computing entity 135 may comprise a user interface. For
example, the user interface may be an application, browser,
user interface, dashboard, webpage, and/or similar words
used herein interchangeably executing on and/or accessible
viathe user computing entity 135 to interact with and/or cause
display of information from the mapping computing entity
110 and/or the mobile device 145, as described herein. These
architectures are provided for exemplary purposes only and
are not limiting to the various embodiments.

III. EXEMPLARY OPERATION

Reference will now be made to 5, 6A, 6B, 6C, 7-23A,
23B-28, 29A, and 29B. FIG. 5 is a flowchart illustrating
operations and processes that can be used in accordance with
various embodiments of the present invention. FIGS. 6A, 6B,
6C, 7-23A,23B-28, 29A, and 298 illustrate exemplary input
and output in accordance with various embodiments of the
present invention.

a. Digital Maps

In one embodiment, a “serviceable point” may be any
identifiable location, such as one or more addresses, delivery
locations, parking locations, sidewalks, highways, trails,
alleys, paths, walkways, streets, street segments, entrance or
exit ramps, roads, longitude and latitude points, geocodes, zip
codes, area codes, cities, counties, states, provinces, coun-
tries, stops (e.g., pick up stops, delivery stops, vehicle visits,
stops) geofenced areas, geographic areas, landmarks, build-
ings, bridges, and/or other identifiable locations. For
example, a serviceable point may be a residential location,
such as one or more homes, one or more mobile homes, one
or more apartments, one or more apartment buildings, one or
more condominiums, one or more townhomes, one or more
points at such locations, and/or the like. The serviceable point
may also be any specific location at a residential location, e.g.,
(e.g., front door of a residence, side door of a residence,
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and/or the like). A serviceable point may also be a commer-
cial location, such as one or more stores in a mall, one or more
office buildings, one or more office parks, one or more offices
of an apartment complex, one or more garages, one or more
warehouses, one or more restaurants, one or more stores, one
or more retail locations, one or more points at such locations,
and/or the like. The serviceable point may also be any specific
location at a commercial location, e.g., (e.g., front door of a
commercial, dock of a commercial location, and/or the like).
A serviceable point may be one or more streets, one or more
street segments, one or more Zones, One Or More areas, one or
more latitude and/or longitude points (e.g., 33.7869128,
-84.3875602), one or more geocodes, and/or the like. A ser-
viceable point may be any identifiable location. As will be
recognized, a variety of approaches and techniques can be
used to adapt to various needs and circumstances.

In certain embodiments, serviceable points can be repre-
sented digitally in geographical maps as map information/
data. Map data may include boundary, location, and attribute
data corresponding to the various serviceable points and/or
the like. As will be recognized, the map data can be stored
using a variety of formats, layers, and/or the like—including
shapefiles, ArcMaps, geodatabases, coverages, imagery, ras-
ters, computer-aided drafting (CAD) files, other storage for-
mats, and/or the like. For instance, the mapping computing
entity 110 can appropriately store/record map information/
data as a part of a digital map, e.g., as part of a feature layer,
raster layer, service layer, geoprocessing layer, basemap
layer, and/or the like.

Table 1 below and FIG. 6A show exemplary serviceable
points in Anytown, Ga., which can be represented as map data
in a digital map—see also FIGS. 7-23A and 23B and 28. In
one embodiment, the map data may use an address, a longi-
tude and latitude, a geocode, a nearest street network or street
segment, and/or the like to identify the corresponding ser-
viceable point.

TABLE 1

Route: Stop Address City State

R1:1 1 STREET ADDRESS ANYTOWN  GEORGIA
R1:2 2 STREET ADDRESS ANYTOWN  GEORGIA
R1:3 3 STREET ADDRESS ANYTOWN  GEORGIA
R1:4 4 STREET ADDRESS ANYTOWN  GEORGIA
R1:5 5 STREET ADDRESS ANYTOWN  GEORGIA
R1:6 6 STREET ADDRESS ANYTOWN  GEORGIA
R2:1 7 STREET ADDRESS ANYTOWN  GEORGIA
R2:2 8 STREET ADDRESS ANYTOWN  GEORGIA
R2:3 9 STREET ADDRESS ANYTOWN  GEORGIA
R2:4 10 STREET ADDRESS  ANYTOWN  GEORGIA
R2:5 11 STREET ADDRESS  ANYTOWN  GEORGIA
R2:6 12 STREET ADDRESS  ANYTOWN  GEORGIA
R3:1 13 STREET ADDRESS  ANYTOWN  GEORGIA
R3:2 14 STREET ADDRESS  ANYTOWN  GEORGIA
R3:3 15 STREET ADDRESS  ANYTOWN  GEORGIA
R3:4 16 STREET ADDRESS  ANYTOWN  GEORGIA
R3:5 17 STREET ADDRESS  ANYTOWN  GEORGIA
R3:6 18 STREET ADDRESS  ANYTOWN  GEORGIA

As will be recognized, serviceable points need not be
addresses. For instance, a serviceable point can be a longitude
and latitude or geocode (e.g., the recorded location of a
vehicle stop). Further, serviceable points can be represented
in digital maps as being accessible by one or more street
networks or street segments of a street network. A “street
network” is collection of street segments that comprise navi-
gable/traversable/travelable roads, streets, highways, paths,
trails, walkways, entrance and exit ramps, bridges, sidewalks,
alleys, and/or the like that can be used to access serviceable
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points. Similar serviceable points, street networks can be
represented in digital maps as navigable/traversable/travel-
able segments or points for traveling to and/or from service-
able points. FIGS. 7-23A and 23B show street networks for
traveling to and from the various stops.

As will be recognized, digital maps (e.g., map data) may
include various types of information about serviceable points
and street networks, such as the longitude of street segments
and/or serviceable points, the latitude of street segments and/
or serviceable points, the altitude of street segments and/or
serviceable points, the speed limits of street segments, direc-
tion restrictions for street segments, time penalties for street
segments, and/or other information associated with street
networks and serviceable points, and/or the like. For
example, in one embodiment, a serviceable point may be
represented by and/or associated with a longitude and lati-
tude, a geocode, a nearest street segment, an address, and/or
the like. Similarly, street segments of street networks may be
represented by or associated with a street name, a segment
identifier, a connecting node, an address or address range, a
series of longitude and latitude coordinates, and/or the like
that define the overall shape and location of the street seg-
ment. As will be recognized, a variety of other approaches and
techniques can be used to adapt to various needs and circum-
stances.

In one embodiment, the mapping computing entity 110
may store digital maps. In another embodiment, the mapping
computing may be in communication with or associated with
one or more mapping websites/servers/providers/databases
(including providers such as maps.google.com, bing.com/
maps/, mapquest.com, Tele Atlas®, NAVTEQ®, and/or the
like) that provide map data of digital maps to a variety of users
and entities. Using the digital maps, an appropriate comput-
ing entity can provide map information/data, for example,
about serviceable points (e.g., their locations, attributes, and/
or the like) and/or their corresponding street networks based
on map data. An appropriate computing entity can also pro-
vide map information/data, for example, about traveling to
different serviceable points on the street networks. For
instance, the map data may include a route for delivering one
or more items to different serviceable points, the most effi-
cient order for delivering items to the serviceable points,
directions for traveling to and/or from the serviceable points,
the estimated distance for traveling to and/or from the ser-
viceable points, the expected time for traveling to and/or from
the serviceable points, and/or the like. The term “route” is
used generically to refer to any path traversed by a vehicle
100, person, animal, and/or the like. The map data may also
include other information about serviceable points and/or
traveling to and from serviceable points, such as current esti-
mated speeds for associated street segments, historical speeds
for associated street segments, nearest street segments,
posted speed limits for associated street segments, interpo-
lated locations of serviceable points, reverse geocoded loca-
tions of serviceable points, latitude and longitude points of
serviceable points, distances between various serviceable
points, directions, stop orders, and/or the like. Certain
examples of these types of information are described in U.S.
Ser. No. 13/940,824, which is hereby incorporated in its
entirety by reference.

In one embodiment, the mapping computing entity 110 can
identify and/or retrieve map data associated with serviceable
points and/or geographic areas. A geographic area may be one
or more delivery routes, routes, delivery locations, parking
locations, sidewalks, highways, trails, alleys, paths, walk-
ways, streets, street segments, entrance or exit ramps, roads,
zip codes, area codes, cities, counties, states, provinces, coun-
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tries, and/or other identifiable location. For example, Table 2
below and FIG. 6B comprise data (including map data) for a
geographic area comprising Route 1, Stops 1-6; Route 2,
Stops 1-6; and Route 3, Stops 1-6. In this example, the data
includes a route number, a stop number, a street address, a
city, a state, and an estimated distance between each service-
able point (e.g., based on map data). Although not shown,
other information can be provided as well.

TABLE 2

Route Map
Stop Address City State Distance
RI:1 1 STREET ADDRESS ANYTOWN GEORGIA  —
R1:2 2 STREET ADDRESS ANYTOWN GEORGIA 1.850
RI1:3 3 STREET ADDRESS ANYTOWN GEORGIA 1.630
R1:4 4 STREET ADDRESS ANYTOWN GEORGIA 0.280
RI1:5 5 STREET ADDRESS ANYTOWN GEORGIA 0.150
RI1:6 6 STREET ADDRESS ANYTOWN GEORGIA 0.210
R2:1 7 STREET ADDRESS ANYTOWN GEORGIA 0.050
R2:2 8 STREET ADDRESS ANYTOWN GEORGIA 0.020
R2:3 9 STREET ADDRESS ANYTOWN GEORGIA 1.510
R2:4 10 STREET ADDRESS ANYTOWN GEORGIA 1.460
R2:5 11 STREET ADDRESS ANYTOWN GEORGIA 1.510
R2:6 12 STREET ADDRESS ANYTOWN GEORGIA 0.010
R3:1 13 STREET ADDRESS ANYTOWN GEORGIA 0.090
R3:2 14 STREET ADDRESS ANYTOWN GEORGIA 1.170
R3:3 15 STREET ADDRESS ANYTOWN GEORGIA 1.220
R3:4 16 STREET ADDRESS ANYTOWN GEORGIA 0.910
R3:5 17 STREET ADDRESS ANYTOWN GEORGIA 0
R3:6 18 STREET ADDRESS ANYTOWN GEORGIA 0.020

Total Distance 12.090

In one embodiment, although not necessary, the map data
can be provided to the driver of the vehicle 100 in a variety of
ways and using various formats. For instance, the mobile
device 145 may provide turn-by-turn navigation to the driver
for traveling between each stop. In another embodiment, the
map data may be provided to a user of a user computing entity
135 in evaluating the accuracy of the map data and/or review-
ing a driver’s performance. As will be recognized, a variety of
other techniques and approaches can be used to adapt to
various needs and circumstances.

In one embodiment, the mapping computing entity 110 can
identify and/or retrieve other map data associated with ser-
viceable points and/or geographic areas. In one example, the
mapping computing entity 110 can identify, retrieve, or deter-
mine the interpolated or reverse geocoded locations on the
street networks for one or more of the serviceable points
shown in Table 2, for instance. Or, in another example, the
mapping computing entity 110 can identify, retrieve, and/or
reverse geocode the latitude and longitude points of the ser-
viceable points if available, such as the location of 1 Street
Address, Anytown, Ga. being located at 33.7869128,
-84.3875602. As will be recognized, a variety of other tech-
niques and approaches can be used to adapt to various needs
and circumstances.

b. Telematics Data

In one embodiment, telematics data associated with ser-
viceable points, street networks, street segments, and/or the
like can be collected to determine, evaluate, identify, or simi-
lar words used herein interchangeably the accuracy of digital
maps (e.g., map data). To do so, appropriate computing enti-
ties (e.g., data collection devices 130, mobile devices 145,
and/or other computing entities) can be configured to collect/
capture and store telematics data as vehicles 100 travel,
traverse or similar words used herein interchangeably street
networks (or other areas) and/or as drivers operate the
vehicles 100 and/or mobile devices 145. In one embodiment,
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the telematics data may comprise location data, such as lon-
gitude data, latitude data, altitude data, heading or direction
data, geocode data, course data, position data, time data, as
well as other types of data (including those previously
described). This telematics data can be collected in a variety
of ways to evaluate the accuracy of digital maps (e.g., map
data).

In one embodiment, the appropriate computing entities can
collect/capture telematics data regularly, periodically, con-
tinuously, and/or upon determining the occurrence of one or
more predefined triggers/events. In another embodiment, the
appropriate computing entities can capture telematics data in
response to certain triggers or events. For example, the data
collection device 130 can monitor data generated by the
vehicle sensors (120, 125) for parameters that match pre-
defined triggers/events. In one embodiment, the data collec-
tion device 130 can monitor some or all the following pre-
defined events: (a) the vehicle 100 being turned on and
beginning to idle (e.g., where vehicle sensors 120, 125 indi-
cate the vehicle’s engine is turned on and the vehicle speed is
zero); (b) the vehicle 100 beginning to move and thereby
ceasing to idle (e.g., where the vehicle sensors 120, 125
indicate the vehicle’s engine is on and the vehicle’s speed has
increased from zero to a non-zero value); (c) the vehicle 100
slowing to a stop and beginning to idle (e.g., where the vehicle
sensors 120, 125 indicate the vehicle’s engine is on and the
vehicle’s speed has decreased from a non-zero value to zero);
(d) the vehicle 100 being turned off and ceasing to idle (e.g.,
where the vehicle sensors 120, 125 indicate the vehicle’s
engine is turned off and the vehicle speed is zero); (e) the
vehicle 100 moving out of a geo-fenced area; (f) the vehicle
100 moving into a geo-fenced area; (g) the vehicle 100 mov-
ing into a geo-fenced area associated with a delivery area
assigned to the vehicle 100 and/or its driver; (h) the vehicle
100 moving out of a geo-fenced area associated with a deliv-
ery area assigned to the vehicle 100 and/or its driver; (i) the
vehicle 100 beginning to move in a reverse direction; (j) the
vehicle 100 ceasing to move in a reverse direction; (k) the
vehicle’s 100 seat belt being engaged or disengaged while the
vehicle’s 100 engine is on; (1) the vehicle 100 beginning to
move in a forward direction; (m) the vehicle 100 ceasing to
move in a forward direction; (n) the vehicle 100 traveling
above a certain speed; (0) the vehicle 100 being placed in the
park position; and/or a variety of other triggers/events.

The data collection device 130 can determine whether any
of'such (or other) predefined triggers/events have occurred as
the vehicle 100 traverses, travels, visits, or operates on street
networks (or other areas) and/or as the driver operates the
vehicle 100 and/or mobile device 145. If a predefined trigger/
event is detected, the data collection device 130 can capture
and store telematics data from the vehicle sensors 120, 125.
As noted earlier, the telematics data captured from the sensors
120, 125 may include various types of telematics data, includ-
ing location data.

If a predefined trigger/event is not detected, the data col-
lection device 130 can determine whether a threshold data
capture time has elapsed. For example, in one embodiment,
the threshold data capture time can be defined as 30 seconds
(or any other time period). If the data collection device 130
determines that the threshold data capture time has not
elapsed, the data collection device 130 can continue monitor-
ing for predefined events. However, if the data collection
device 130 determines that the threshold data capture time has
elapsed (e.g., more than 30 seconds have passed since the last
time that data was captured from the vehicle sensors), the data
collection device 130 can capture telematics data.
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In one embodiment, the telematics data may include con-
textual data collected/captured with the telematics data. In
another embodiment, contextual data can be associated with
the collected/captured telematics data. For instance, an
appropriate computing entity (e.g., mobile device 145) can be
configured to collect/capture some or all of the following
contextual data: (a) the date (e.g., 12/30/2014) and time (e.g.,
13:24) the telematics data is captured; (b) the driver associ-
ated with the mobile device 145 at the time the telematics data
is captured (e.g., James P. Smith); (c) the vehicle associated
with the driver at the time the telematics data is captured (e.g.,
a vehicle identification number such as AS445); (d) the type
of'telematics data captured (e.g., stop status, lunch break); (e)
if applicable—a route number and/or stop number associated
with the input telematics data (e.g., stop 3); (f) the serviceable
point associated with the telematics data captured; (g) the
address associated with the telematics data captured; (h) a
logged reason for and location of the data capture (e.g., acode
indicating the detected predefined trigger/event or indicating
that the threshold data capture time interval elapsed); and/or
the like. Further, in one embodiment, an appropriate comput-
ing entity (e.g., the data collection device 130, the mapping
computing entity 110, the mobile device 145, and/or the like)
can be configured to associate the captured telematics data
with the contextual data by, for example, storing fields of
telematics data captured from the vehicle sensors 120, 125 in
the same record, or records, as concurrently captured contex-
tual data, thereby associating the two types of data if neces-
sary.

In one embodiment, the data collection device 130 can
transmit the captured telematics data and/or associated con-
textual data to the mapping computing entity 110 or mobile
device 145. This may be accomplished by using any of the
transmission methods and systems described herein, as well
as other methods, protocols, and systems known in the art. In
one embodiment the data collection device 130 can be con-
figured to first attempt to transmit captured data to the map-
ping computing entity 110, and subsequently attempt to trans-
fer data to the mobile device 145 if a connection with the
mapping computing entity 110 is unavailable.

According to various embodiments, the mobile device 145
can also be configured to capture telematics data. More spe-
cifically, the mobile device 145 can collect/capture telematics
data regularly, periodically, continuously, and/or upon deter-
mining the occurrence of one or more predefined triggers/
events. For instance, the mobile device 145 can monitor its
user interface or other inputs for user input (e.g., from a
driver). In one embodiment, the mobile device 145 can be
configured to receive and recognize user input indicating
some or all of the following: (a) that a delivery stop has
commenced; (b) that a delivery stop has ended; (c) that a
particular delivery stop is a pickup, delivery, or both; (d) that
a particular bill of lading and its associated freight or pack-
ages have been picked up or delivered; (e) the number of units
picked up or delivered at a stop; (f) the weight of packages or
freight picked up or delivered at a stop; (g) that a lunch or
break period has commenced; (h) that a lunch or break period
has ended; (i) that a particular delay has been encountered; (j)
that a particular delay has ended; (k) that a driver has begun a
work day and is on the clock; (1) that a driver has ended a work
day and is off the clock; (m) that the vehicle 100 has moved
out of'a geo-fenced area (e.g., as indicated by a GPS sensor);
(n) that the vehicle 100 has moved into a geo-fenced area; (0)
that the vehicle 100 has moved into a geo-fenced area asso-
ciated with a delivery area assigned to the vehicle 100 and/or
its driver; (p) that the vehicle 100 has moved out of a geo-
fenced area associated with a delivery area assigned to the
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vehicle 100 and/or its driver; (q) that a scan event of an item
(e.g., scanning a barcode) has occurred; (r) that an electronic
signature capture event has occurred; (s) that the vehicle 100
ordriveris ata particular serviceable point; (t) that an item has
been picked up from or delivered to a serviceable point; (u)
that the vehicle 100 (or driver walking with the mobile device
145) has entered or exited a street network; (v) that the vehicle
100 has been placed in the park position; (w) that a config-
urable period of time has elapsed; (x) that a vehicle visit to a
serviceable point has occurred; and/or the like.

The mobile device 145 can determine whether any of such
(or other) predefined triggers/events have occurred. If a pre-
defined trigger/event is detected, the mobile device 145 can
collect/capture and store telematics data. As noted earlier, the
telematics data may include various types of telematics data,
including location data. If a predefined trigger/event is not
detected, the mobile device 145 can determine whether a
threshold data capture time has elapsed. For example, in one
embodiment, the threshold data capture time is defined as 30
seconds (or any other predefined time period). If the mobile
device 145 determines that the threshold data capture time has
not elapsed, the mobile device 145 can continue monitoring
for predefined events. However, if the mobile device 145
determines that the threshold data capture time has elapsed
(e.g., more than 30 seconds have passed since the last time
that data was captured from the vehicle sensors), the mobile
device 145 can collect/capture telematics data.

In one embodiment, the telematics data may include con-
textual data. In another embodiment, the mobile device 145
can collect/capture contextual data and associate the contex-
tual data with the collected/captured telematics data. For
instance, the mobile device 145 can be configured to capture
some or all of the following contextual data: (a) the date (e.g.,
12/30/2014) and time (e.g., 13:24) the telematics data is cap-
tured; (b) the driver associated with the mobile device 145 at
the time the telematics data is captured (e.g., James P. Smith);
(c) the vehicle associated with the driver at the time the
telematics data is captured (e.g., a vehicle identification num-
ber such as AS445); (d) the type of telematics data captured
(e.g., delay code, stop status); (e) if applicable—a route num-
ber and/or stop number associated with the input telematics
data (e.g., routel, stop 3); (f) the serviceable point associated
with the telematics data; (g) the address associated with the
telematics data; and/or the like. Further, the mobile device
145 (or other appropriate computing entity ) can be configured
to associate the collected/captured telematics data with the
collected/captured contextual data in order to ensure that
concurrently captured telematics data and contextual data are
linked. For example, in one embodiment, the mobile device
145 can be configured to store one or more fields of telematics
data in the same record, or records, as concurrently captured
contextual data, thereby associating the two types of data if
necessary.

In one embodiment, the mobile device 145 can determine
or detect whether telematics data has been received (e.g.,
from the data collection device 130). If the mobile device
detects that telematics data has been received, it stores the
received telematics data. The mobile device 145 transmits the
telematics data and/or associated contextual data to the map-
ping computing entity 110. This may be accomplished by
using any of the transmission methods and systems described
herein, as well as other methods, protocols, and systems
known in the art. In one embodiment the data the mobile
device 145 can be configured to first attempt to transmit
captured data to the mapping computing entity 110, and sub-
sequently attempt to transfer data to the data collection device
130 if a connection with the mapping computing entity 110 is



US 9,273,975 Bl

17

unavailable. As will be recognized, a variety of other
approaches and techniques can be used to adapt to various
needs and circumstances.
c. Map Accuracy

According to various embodiments, the mapping comput-
ing entity 110 (and/or a variety of other computing entities)
can receive, process, and store telematics data received from
the data collection device 130, mobile device 145, and/or
various other computing entities. In a particular embodiment,
the mapping computing entity 110 can process and store data
in a manner that facilitates evaluation of the telematics data
(and contextual data) in conjunction with corresponding map
data. This may include determining, identifying, evaluating,
and similar words used herein interchangeably the accuracy
of map data corresponding to serviceable points and/or geo-
graphic areas. As will be recognized, the below can be per-
formed in a manual, semi-automatic, or automatic manner.

i. Example One
Routes in Geographic Areas

In one embodiment, the mapping computing entity 110 can
determine the map accuracy associated with a geographic
area based on traveled routes (e.g., in a manual, semi-auto-
matic, or automatic manner). The process may begin when
the mapping computing entity 110 receives a request that may
originate from a variety of computing entities (e.g., from a
user computing entity 135) to determine the map accuracy for
one or more geographic areas. For example, the mapping
computing entity may receive a request to determine the map
accuracy for zip code 30092 or Anytown, Ga. In another
embodiment, the mapping computing entity 110 can receive
a request to determine the map accuracy for an area desig-
nated via input from a user computing entity 135 by, for
example, the user drawing a polygon around the geographic
area using an input mechanism, selecting displayed portions
of the map, defining a geofence, and/or the like. As will be
recognized, a variety of approaches and techniques can be
used to adapt to various needs and circumstances. Responsive
to such requests, the mapping computing entity 110 can iden-
tify routes or portions of routes (paths traversed by a vehicle
100, person, animal, and/or the like.) that have been traversed
for the geographic area and for which telematics data has been
collected. Continuing with the above example, responsive to
a request for determining the accuracy of Anytown, Ga., the
mapping computing entity 110 may determine that all or
portions of Route 1, Route 2, and Route 3 are within the
specified geographic area, have been traversed, and have had
corresponding telematics data collected.

In another embodiment, the mapping computing entity 110
may receive a request to determine the map accuracy of single
route: Route 1, Route 2, or Route 3. In another example, the
mapping computing entity 110 may receive arequest to deter-
mine the map accuracy of multiple routes: Route 1, Route 2,
or Route 3. In yet another example, the mapping computing
entity 110 may receive a request to determine the map accu-
racy of a route between serviceable points. The serviceable
points may be identified by name, address, a latitude and
longitude point, and/or the like. For instance, the request may
indicate the starting point for a route as 1 Street Address,
Anytown, Ga., with an ending point as 6 Street Address,
Anytown, Ga. Or, the request may indicate the starting point
as 33.7869128, -84.3875602 with an ending point as
32.8679228, -83.1123209. In these examples, the mapping
computing entity 110 may receive a request originating from
auser computing entity 135 through which a user entered the
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corresponding route numbers, drivers, addresses, geocodes,
longitudes and latitudes, and/or the like.

The requests may include temporal restrictions, such as
requesting the map accuracy determination to be limited to
telematics data associated with a given hour, day, month, year,
and/or the like. As will be recognized, a variety of other
approaches and techniques can be used to adapt to various
needs and circumstance.

In one embodiment, the map accuracy of a geographic area
or a route traveled by a vehicle can be determined by the
mapping computing entity 110 as the difference in the route
as indicated by the map data and the telematics data. In
another embodiment, the map accuracy of a geographic area
or multiple routes can be determined by the mapping com-
puting entity 110 as the aggregate difference in the routes as
indicated by the map data and the telematics data. As will be
recognized, a variety of other approaches and techniques can
be used to adapt to various needs and circumstances.

To process or evaluate the accuracy of map data, the map-
ping computing entity 110 can populate a data set with rel-
evant telematics data, contextual data, and/or map data
(Blocks 500, 505 of FIG. 5) corresponding to the specified
geographic areas or routes. The data set may include telemat-
ics data, contextual data, and/or map data for the appropriate
geographic areas or routes. Moreover, the data set may
include map data, telematics data, and/or contextual data for
the appropriate geographic areas or routes for a specified
period of time. As indicated, the specified period of time may
be a time period between stops, a time period between trig-
gers/events, a work day, and/or another specified time
period—such as an hour, a day, a week, a month, and/or the
like. Continuing with the previous example, the data set may
include telematics data, contextual data, and/or map data for
a driver’s stops for a specified work day, such as Route 1,
Stops 1-6 on 12/30/2014; Route 2, Stops 1-6 on 12/30/2014;
and Route 3, Stops 1-6 on 12/30/2014. The data set (e.g.,
various data records) may include all available data (e.g.,
collected over a period of time) or a subset of the available
data.

In one embodiment, a data record of telematics data may
comprise a plurality of data fields each representing speed
data, emissions data, RPM data, tire pressure data, oil pres-
sure data, seat belt usage data, distance data, fuel data, idle
data, latitude data, longitude data, altitude data, heading or
direction data, geocode data, course data, speed data, and/or
the like. A data record of contextual data may comprise a
plurality of data fields each representing contextual data, such
as date, time, driver, vehicle, logged reason for and location of
the data capture data capture, and/or the like. Thus, the data
fields of the telematics data can be matched or coordinated
with the data fields of the contextual data by timestamps, for
example. For instance, by storing telematics data in associa-
tion with contextual data, the mapping computing entity 110
may later access and retrieve data from the same by searching
the stored data by date, time, driver, vehicle, logged reason for
and location of the data capture data capture, serviceable
point, geocode, latitude and longitude point, or any other data
field or combination of data fields associated with the stored
telematics data.

Additionally, the mapping computing entity 110 can
access or retrieve map data corresponding to the telematics
data and/or contextual data, and/or geographic areas (Blocks
500, 505 of FIG. 5). For instance, the map data may include
geographic areas (e.g., area codes, zip codes, counties,
states), planned or traveled routes, the locations of planned or
traveled stops along routes, planned or traveled distances
associated with routes and stops (e.g., total planned or esti-
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mated distance for a route, planned or estimated distances
between stops), planned times associated with various routes
and stops (e.g., planned or estimated times for travel between
stops, planned or estimated times for executing a delivery ata
particular stop), planned directions associated with various
routes and stops, and/or the like. In one embodiment, if only
addresses are provided as starting and ending points for the
routes, the mapping computing entity 110 may determine the
estimated locations of the starting and ending points for the
locations on the street networks using techniques such as
interpolation (e.g., the starting point being 1 Street Address,
Anytown, Ga., with the ending point being 6 Street Address,
Anytown, Ga.). Or, if only a geocodes or longitude and lati-
tude points are provided as starting and ending points for the
routes, the mapping computing entity 110 may determine the
locations of the starting and ending points for the locations on
the street network by identifying the nearest corresponding
street segments to the specified points (e.g., the starting point
being 33.7869128, —84.3875602 and the ending point being
32.8679228, -83.1123209). That is, points can be “snapped”
to the nearest corresponding street segments, for example, via
a perpendicular line from the provided points to the nearest
corresponding street segments.

With the appropriate data, the mapping computing entity
110 can cause display of routes or portions of routes actually
traversed in a geographic area (by one or more vehicles 100)
based on telematics data—including causing display of the
locations visited, times visited, and distances traveled. The
mapping computing entity 110 can also simultaneously cause
display of the planned or estimated routes for the actually
traversed routes for the geographic area based on map data—
including the estimated distances of the planned or estimated
routes. Further, the display may include one or more vehicles’
100 actual and planned movement from an origin location to
a final destination location, one or more vehicles’ 100 actual
and planned movement for a specified period of time, the
actual and planned start times and end times of one or more
vehicles” 100 movement, the actual and planned total dis-
tance traveled for a specified time period, the actual and
planned segmented distance traveled for a specified time
period, and/or the like—see FIGS. 7-23A and 23B. In another
example, the display may include one or more vehicles’ 100
actual and planned movement from an origin (e.g., stop) to a
destination (e.g., stop), the actual and planned start times and
end times of one or more vehicles’ 100 movement between
stops, the actual and planned time of one or more vehicles’
100 movement between stops, the actual and planned total
distance traveled between stops, the actual and planned seg-
mented distance traveled between stops, and/or the like—see
FIGS. 7-23 A and 23B. Further, using the appropriate telemat-
ics data, contextual data, and/or map data, the mapping com-
puting entity 110 can cause display of serviceable points
based on telematics data and map data. As will be recognized,
a variety of different data can be displayed via various com-
puting entities to adapt to various needs and circumstances.

FIGS.7-23 A and 23B comprise telematics data, contextual
data, and/or map data represented and displayed in graphical
form of three different routes traveled for a geographic area
(Route 1, Route 2, and Route 3). The routes may have been
traveled/traversed/visited by one or more drivers over one or
more time periods. These figures show graphical representa-
tions of the corresponding telematics data, contextual data,
and/or map data for traveling between the respective stops. In
these examples, portions of the telematics data are superim-
posed on portions ofthe map data. FIG. 7, for example, shows
serviceable points (e.g., stops in this instance), the street
network for traveling to various serviceable points, the
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planned or estimated route for traveling from Route 1, Stop 1
to Route 1, Stop 2 (green line), the actual travel route from
Route 1, Stop 1 to Route 1, Stop 2 (red line), the estimated
distance from Route 1, Stop 1 to Route 1, Stop 2 based on the
map data (1.850 miles), the actual traveled distance from
Route 1, Stop 1 to Route 1, Stop 2 based on telematics data
(1.914 miles), and/or the like. FIGS. 8-23A and 23B show
similar information for the respective routes, stops, street
networks, and geographic areas. As will be recognized,
although not necessarily displayed, the graphical representa-
tion may comprise various other map data, telematics data,
and/or contextual data. For example, the mapping computing
entity 110 can provide a visual indication to users as to the
differences in the telematics data and map data for reconcili-
ation purposes. The visual indications may be different line
formats or colors, different line types, dialog boxes, and/or
the like. For example, FIG. 15 shows the planned route based
on map data in green dashed lines, the actual route based on
telematics data in red dashed lines, and various dialog boxes
indicating distances and the like.

In addition to causing display of relevant telematics data,
contextual data, and/or map data, the mapping computing
entity 110 can use the same to determine, evaluate, identify
and similar words used herein interchangeably the accuracy
of digital maps (e.g., the accuracy of map data of digital
maps)—DBlocks 510 and 515 of FIG. 5. For example, as
shown in FIG. 24, the mapping computing entity 110 can
determine, evaluate, identify and similar words used herein
interchangeably the difference between the distance actually
traveled for one or more routes based on telematics data (e.g.,
the distances that one or more vehicles 100 actually traveled
for the routes) and the estimated or planned distance for
traveling the one or more routes based on the map data. In this
particular example, the mapping computing entity 110 can
make this determination based on an entire route traveled as a
whole or on a stop-by-stop basis. This may include determin-
ing the aggregate distance between the various points col-
lected as telematics data either from the origin to the destina-
tion or between each stop. To determine the map accuracy, the
mapping computing entity 110 can compare the differences
between the relevant map data and the relevant telematics
data. For instance, based on the map data of a digital map, the
planned or estimated distance for traveling from Route 1,
Stop 1 to Route 1, Stop 2 is 1.850 miles. In one embodiment,
the mapping computing entity 110 can determine this dis-
tance based on the interpolated, reverse geocoded, and similar
words used herein interchangeably locations of Stop 1 and
Stop 2. However, based on the telematics data, the actual
distance traveled from Route 1, Stop 1 to Route 1, Stop 2 is
1.914 miles. This is the aggregate distance between the two
stops based on the collected telematics data—the linear or
geographical distance between each collected point between
the two stops. The difference in the planned or estimated
distance traveled and the actual distance traveled is 0.064
miles (or —0.064 in underage). This underage indicates that
the map data is —3.336% off for the travel between these two
stops (e.g., 0.064/1.914). As with the distance traveled from
Route 1, Stop 1 to Route 1, Stop 2, a similar determination can
be made for each stop for every identified route. For example,
as shown in FIG. 24, the mapping computing entity 110
determined the distance between each stop: each stop
between Route 1, Stop 1 and Route 1, Stop 6; each stop
between Route 2, Stop 1 and Route 2, Stop 6; and each stop
between Route 3, Stop 1 and Route 3, Stop 6. As shown in
FIG. 24, the differences between the distance for the stops on
Routes 1, 2, and 3 range from an underage of —0.204 actual
miles to an overage of 1.289 actual miles between stops.
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In addition to making these types of determinations on a
stop-by-stop basis, the mapping computing entity 110 can
make such determinations for an entire route or geographic
area including various stops. For instance, as also shown in
FIG. 24, the planned or estimated distance between the vari-
ous stops on the three routes is 12.090 miles based on the map
data. This is the aggregate distance between each of the
respective stops for the three routes based on the map data.
However, based on the telematics data, the actual distance
traveled between the stops was 8.813 actual miles. This is the
aggregate distance between each of the respective stops on the
three routes based on the telematics data. Thus, there is a
difference of 3.277 miles between the telematics data and the
actual data (e.g., an overage of 3.277 miles). This indicates
that the map data is inaccurate or off by approximately
37.191% for the travel between the various stops (e.g., 3.277/
8.813) for these three routes. As will be recognized, a variety
of other approaches and techniques can be used to adapt to
various needs and circumstances.

In FIGS. 24-27, the differences shown in negative numbers
represent where the actual distance traveled (e.g., based on
the telematics data) is greater than the planned or estimated
distance (e.g., based on the map data). This indicates that the
map data is under in terms of the planned or estimated dis-
tances compared to the actual distance (e.g., an underage).
Similarly, the differences shown in positive numbers repre-
sent where the actual distance traveled (e.g., based on the
telematics data) is less than the planned or estimated distance
(e.g., based on the map data). This indicates that the map data
is over in terms of planned or estimated distances compared to
actual distance (e.g., an overage). The same is true for the
percentages. That is, negative percentages indicate that the
actual distance traveled was greater than the planned or esti-
mated distance traveled. Positive percentages indicate that the
actual distance traveled was less than the planned or esti-
mated distance traveled.

In addition to the above, in evaluating map accuracy, the
mapping computing entity 110 can also take into account
certain types of travel of interest that should be excluded from
the accuracy determination, e.g., turn-around travel, excess
travel, break travel, configurable tolerance travel, duplicate
travel, and/or the like. Thus, the mapping computing entity
110 can remove these types of travel from the map accuracy
determinations for more precise determinations, for example,
to account for noise or inaccurate collections of telematics
data. To do so, these types of travel must first be identified and
then be removed from consideration. To identify turn-around
travel, for instance, the mapping computing entity 110 can
identify travel in which a vehicle’s 110 heading changed to
within a configurable range from 180° on the same street
segment (e.g., 160° to 200°) and/or within a certain time
period. Similarly, to identify duplicate travel, the mapping
computing entity 110 can identify travel of the same heading
or direction on the same street segment. The duplicate travel
concepts are described in U.S. application Ser. No. 14/046,
172, which is hereby incorporated in its entirety by reference.
Further, the mapping computing entity 110 can identify con-
figurable tolerance travel. For instance, the mapping comput-
ing may identify differences in distance that are within the
configurable tolerance travel, such as 50, 100, 150, 200, or
500 feet. This may be to account for inaccuracy in the data
collection of the telematics data and/or for a variety of other
reasons. Thus, if the difference in the map data and the
telematics data for a particular street segment or segment of
travel is less than fifty feet, the mapping computing entity 100
can identify the disparity as being within the configurable
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tolerance travel. As will be recognized, a variety of other
approaches and techniques can be used to adapt to various
needs and circumstances.

After identifying the types of travel of interest (e.g., turn-
around travel, excess travel, break travel, configurable toler-
ance travel, duplicate travel, and/or the like), the mapping
computing entity 110 can remove them from the map accu-
racy determinations. For instance, as shown in FIG. 24, the
mapping computing entity 110 has identified 0.080 miles of
excess driver travel from Route 1, Stop 3 to Route 1, Stop 4.
Similarly, the mapping computing entity 110 has identified
0.060 miles of turn-around travel for Route 3, Stop 1. Thus,
this travel can be removed from the individual travel segments
(for individual determinations) or from the entire gross travel
(for gross determinations). FIG. 25 represents the travel seg-
ments in which the actual travel distances are greater than the
planned or estimated distances (e.g., underages in map data).
In these examples, because the excess driver travel and the
turn-around travel occurred in these underages, the mapping
computing entity 110 can remove them from consideration.
In this example, as shown in FIG. 25, the total gross distance
traveled (7.749 miles) is reduced by the excess travel and the
turn-around travel (0.140 miles combined). Thus, the total
actual distance traveled is 7.609 miles after adjustment. With
the adjusted mileage, for the underages, the map data is off by
or inaccurate for —0.879 miles or —11.547%. For the over-
ages, however, the four travel segments shown in FIG. 26 are
not associated with any of these types of travel of interest.
Thus, the total actual distance traveled is 1.064 miles com-
pared to the 5.360 miles of planned or estimated travel. In
other words, for the overages, the map data is off by or
inaccurate for 4.296 miles or 403.783%. As will be recog-
nized, a variety of other approaches and techniques can be
used to adapt to various needs and circumstances.

With the underages and overages, the mapping computing
entity 110 can determine the overall map accuracy for the map
data being considered. As indicated, this can be done for a
single route, multiple routes, geographic areas, and/or the
like. For example, as shown in FIG. 27, for the underage, the
actual distance traveled is 7.609 miles based on the telematics
data, while the planned or estimated distance is 6.730 miles
based on the map data. This results in the map data being
-11.547% inaccurate (-0.879 miles) in terms of under esti-
mating the distances for the three routes under consideration.
Similarly, for the overage, the actual distance traveled is
1.064 miles based on the telematics data, while the planned or
estimated distance is 5.360 miles based on the map data. This
results in the map data being 403.783% inaccurate (-1.064
miles) in terms of over estimating the distances for the three
routes under consideration. Further, the mapping computing
entity 110 can determine the map accuracy for both the over-
ages and underages. As shown in FIG. 27, the absolute value
of the differences of overages and underages is 5.175 miles
for the three routes under consideration. The total actual
distance traveled is 8.673 miles, including adjustments. This
indicates that the map data is inaccurate or oft by approxi-
mately 59.667%.

In one embodiment, in addition to determining the accu-
racy of map data, the mapping computing entity 110 can
determine the underlying reasons of the inaccuracies. For
example, in certain embodiments, the inaccuracies may be
because parking lots and parking lot travel paths that are
traversed or traveled are either not part of the map data or are
inaccurate in the map data. To update the map data of digital
maps to include missing parking lots/parking lot travel paths
and/or to correct the data for parking lots/parking lot travel
paths, the mapping computing entity can perform the pro-
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cesses described in U.S. application Ser. No. 13/795,290—
which is hereby incorporated in its entirety by reference. As
described in the patent application, travel paths in parking
areas can be defined by connecting serviceable points of
street networks within the parking areas. Or, such defined
travel paths can be merged with actual paths traveled by
vehicles in the parking areas.

Similarly, to update the map data of digital maps to include
missing street segments and/or to correct the data for street
segments, the mapping computing entity 110 can perform the
steps described in U.S. application Ser. No. 13/435,755—
which is hereby incorporated in its entirety by reference. As
described in the patent application, the mapping computing
entity 110 can update digital maps by assessing map data and
telematics data to identify portions/segments of'a vehicle path
that do not correspond to known travel paths. In various
embodiments, the mapping computing entity 110 can then
define these identified portions/segments as new known travel
paths/segments in the map data corresponding to a public
road, private road, and/or the like. The mapping computing
entity 110 can then update the map data correspondingly.
Updating all of the inaccuracies in the map data can greatly
increase the usefulness and accuracy of the map data. How-
ever, even updating just the outliers in the map data, the
usefulness and accuracy of the map data.

By way of example, in FIG. 15, the map data indicates that
the planned or estimated distance of travel from Route 2, Stop
2 to Route 2, Stop 3 is 1.510 miles. This is shown in the green
dashed line. However, the actual travel based on the telemat-
ics data is 0.221 miles. This is shown in the red dashed line.
The reason the map data indicates a greater distance (1.289
miles or 583.382%) is because the map data is missing one or
more street segments that provide the shortest route between
the two stops. And although the map data is incorrect, the
driver of the vehicle traveled the correct and shortest route
between Route 2, Stop 2 and Route 2, Stop 3. This creates the
differences in the map data and the telematics data. The
mapping computing entity 110 can cause display of these
differences, problem areas, or outliers by displaying the dif-
ferent types of data using different colors, lines styles, and or
the like. This can alert a user of the disparity in the data and
lead to a correction of the map data. And as previously
described, the mapping computing entity 110 can update the
map data to reflect the telematics data. As will be recognized,
avariety of approaches and techniques can be used to adapt to
various needs and circumstances.

ii. Example Two
Serviceable Points in Geographic Areas

In one embodiment, the mapping computing entity 110 can
determine the map accuracy associated with a geographic
area based on serviceable points (e.g., in a manual, semi-
automatic, or automatic manner). In one embodiment, the
process may begin when the mapping computing entity 110
receives a request that may originate from a variety of com-
puting entities (e.g., from a user computing entity 135) to
determine the map accuracy for one or more serviceable
points or one or more geographic areas. For example, the
mapping computing entity 110 may receive arequest to deter-
mine the map accuracy for zip code 30092 or Anytown, Ga. In
another embodiment, the mapping computing entity 110 can
receive a request to determine the map accuracy for an area
designated via input from a user computing entity 135 by, for
example, a user drawing a polygon around the geographic
area using an input mechanism, selecting displayed portions
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of the map, defining a geofence, and/or the like. FIG. 28
shows a polygon 2701 received as user input drawn around a
geographic area. As will be recognized, a variety of
approaches and techniques can be used to adapt to various
needs and circumstances.

In one embodiment, responsive to such requests, the map-
ping computing entity 110 can identify serviceable points for
which telematics data has been collected corresponding to the
geographic area. Continuing with the above example, respon-
sive to a request for determining the accuracy of geographic
area associated with the polygon 2701, the mapping comput-
ing entity 110 may identity all of the serviceable points within
the specified geographic area for which telematics data has
been collected. In another embodiment, the mapping comput-
ing entity 110 may receive a request to determine the map
accuracy of single serviceable point: 1 Street Address, Any-
town, Ga. In another example, the mapping computing entity
110 may receive a request to determine the map accuracy of
multiple serviceable points: 1 Street Address, Anytown, Ga.;
2 Street Address, Anytown, Ga.; and 3 Street Address, Any-
town, Ga.

In one embodiment, the map accuracy of a geographic area
or a serviceable point can be determined by the mapping
computing entity 110 as the distance between the location of
the serviceable point as indicated by the map data and the
location of'the serviceable point as indicated by the telematics
data. In another embodiment, the map accuracy of a geo-
graphic area or multiple serviceable points can be determined
by the mapping computing entity 110 as the aggregate dis-
tances between the locations of the serviceable points as
indicated by the map data and the locations of the serviceable
points as indicated by the telematics data. As will be recog-
nized, a variety of other approaches and techniques can be
used to adapt to various needs and circumstances.

To process or evaluate the accuracy of map data, the map-
ping computing entity 110 can populate a data set with rel-
evant telematics data, contextual data, and/or map data
(Blocks 500, 505 of FIG. 5) corresponding to the specified
geographic areas or serviceable points. The data set may
include telematics data, contextual data, and/or map data for
the appropriate geographic areas or serviceable points. More-
over, the data set may include map data, telematics data,
and/or contextual data for the appropriate geographic areas or
serviceable points for a specified period of time. As indicated,
the specified period of time may be a time period between
stops, a time period between triggers/events, a work day,
and/or another specified time period—such as an hour, a day,
aweek, amonth, and/or the like. Continuing with the previous
example, the data set may include telematics data, contextual
data, and/or map data for the serviceable points of 1 Street
Address, Anytown, Ga. (Route 1, Stop 1); 2 Street Address,
Anytown, Ga. (Route 1, Stop 2); and 3 Street Address, Any-
town, Ga. (Route 1, Stop 3).

In one embodiment, a data record of telematics data may
comprise a plurality of data fields, including latitude data,
longitude data, geocode data, and/or the like. A data record of
contextual data may comprise a plurality of data fields each
representing contextual data, such as date, time, driver,
vehicle, logged reason for and location of the data capture
data capture, and/or the like. Thus, the data fields of the
telematics data can be matched or coordinated with the data
fields of the contextual data by timestamps, for example. For
instance, by storing telematics data in association with con-
textual data, the mapping computing entity 110 may later
access and retrieve data from the same by searching the stored
data by serviceable point, geocode, latitude and longitude
point, or any other data field or combination of data fields
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associated with the stored telematics data. In one embodi-
ment, the telematics data for each serviceable point comprises
a geocode or longitude and latitude point for the serviceable
point. FIGS. 29A and 29B shows the data sets corresponding
to these serviceable points. The geocode or latitude and lon-
gitude point for 1 Street Address, Anytown, Ga. may be
33.7869125, -84.3875613 based on the telematics data (2800
of FIG. 28). The geocode or latitude and longitude point for 2
Street Address, Anytown, Ga. may be 33.7856888,
—-84.3875555 based on the telematics data (2810 of FIG. 28).
And the geocode or latitude and longitude point for 1 Street
Address, Anytown, Ga. may be 33.7899999, -84.3875777
based on the telematics data (2820 of FIG. 28).

As one approach, the mapping computing entity 110 can
determine the accuracy of the map data by determining the
distance between the locations of the serviceable points based
on the map data in relation to the nearest corresponding street
segments. For example, the mapping computing entity 110
may determine the locations of the serviceable points on the
street network by identifying the nearest corresponding street
segments to the specified serviceable points. That is, the
serviceable points can “snapped” to the nearest correspond-
ing street segments based on the map data, for example. Inone
embodiment, to snap a serviceable point to the nearest corre-
sponding street segment based on the map data, a perpendicu-
lar line in the appropriate direction can be created to the
nearest corresponding street segment based on the map data.
For instance, if the telematics data indicates that 1 Street
Address, Anytown, Ga. (Route 1, Stop 1) is located at
33.7869125, —84.3875613, the mapping computing entity
110 can identify the nearest street segment to this geocode or
longitude and latitude point on the corresponding street net-
work based on the map data. In this example, the mapping
computing entity 110 can determine or identify the nearest
corresponding street segment by connecting the geocode or
latitude and longitude point (33.7869125, -84.3875613) per-
pendicularly to the nearest corresponding street segment
based on the map data. In this example, the geocode or lati-
tude and longitude point (33.786913, -84.3875609) can
snapped t033.7871121, —84.3885602. The mapping comput-
ing entity 110 can perform a similar process for all service-
able points identified. For instance, as shown FIG. 29 A, the
snapped location for 2 Street Address, Anytown, Ga. (Route
1, Stop 2) is 33.7814321, -84.3875222. And the snapped
location for 3 Street Address, Anytown, Ga. (Route 1, Stop 3)
is 33.7801234, —84.3875444. This approach can be used to
avoid interpolating and reverse geocoding the locations based
on the map data. The mapping computing entity 110 can then
determine the individual distances (e.g., linear or geographi-
cal distances) between the serviceable points based on the
telematics data and serviceable points based on the snapped
locations from the map data. For example, the mapping com-
puting entity 110 may determine the distance based on the
Haversine Formula, the Vincenty Formula, other great-circle
calculations, and/or the like. The mapping computing entity
110 can also aggregate the distances for the serviceable points
to show an overall distance measure of the accuracy of the
map data. The aggregate distance of the serviceable points in
this example is 1.033 miles. This distance can presented by
the mapping computing entity 110 in a variety of formats,
such as a =distance in the DD coordinate system (e.g.,
+00.0000000, +00.0000000) and/or a variety of other for-
mats.

As another approach, the mapping computing entity 110
can determine the accuracy of the map data by determining
the distance between the locations of the serviceable points
based on the map data in relation to the interpolated, reverse
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geocoded, and similar words used herein locations based on
the map data. For instance, the mapping computing entity 110
canaccess or retrieve map data for the three serviceable points
identified for the geographic area: 1 Street Address, Anytown,
Ga. (Route 1, Stop 1); 2 Street Address, Anytown, Ga. (Route
1, Stop 2); and 3 Street Address, Anytown, Ga. (Route 1, Stop
3). Based on the map data, the mapping computing entity can
interpolate or reverse geocode the locations of the serviceable
points based on the map data. For instance, the serviceable
point for 1 Street Address, Anytown, Ga., can be interpolated
or reverse geocoded to 33.7879128, —84.3885602 based on
the corresponding street segments, address ranges, and/or the
like from the map data (2805 of FIG. 28). The mapping
computing entity 110 can perform a similar process for each
of the identified serviceable points. For instance, as shown
FIG. 29 B, the interpolated or reverse geocoded location for 2
Street Address, Anytown, Ga. (Route 1, Stop 2) is
33.7816111, -84.3875222 based on the map data (2815 of
FIG. 28). And the interpolated or reverse geocoded location
for 3 Street Address, Anytown, Ga. (Route 1, Stop 3) is
33.7809333, —-84.3875444 based on the map data (2825 of
FIG. 28). The mapping computing entity 110 can then deter-
mine the individual distances (e.g., linear or geographical
distances) between serviceable points based on the telematics
data and the interpolated or reverse geocoded locations of the
serviceable points based on the map data. For example, the
mapping computing entity 110 may determine the distance
based on the Haversine Formula, the Vincenty Formula, other
great-circle calculations, and/or the like. The mapping com-
puting entity 110 can also aggregate the distances for the
serviceable points to show an overall distance measure of the
accuracy of the map data. The aggregate distance of the
serviceable points in this example is 0.995 miles. This dis-
tance can presented by the mapping computing entity 110 in
avariety of formats, such as a zdistance in the DD coordinate
system (e.g., £00.0000000, 00.0000000) and/or a variety of
other formats.

In addition to the above, in evaluating map accuracy, the
mapping computing entity 110 can also take into account a
configurable tolerance. For instance, the mapping computing
may identify distances that are within a configurable toler-
ance travel, such as 10, 20, 40, 100, or 200 feet, and exclude
them from display or accuracy determinations. This may be to
account for inaccuracy in the data collection of the telematics
data and/or for a variety of other reasons. Thus, if the distance
between a serviceable point as indicated in the map data and
the telematics data is less than fifty feet, for instance, the
mapping computing entity 100 can identify the disparity as
being within the configurable tolerance and exclude it from
accuracy determinations. As will be recognized, a variety of
other approaches and techniques can be used to adapt to
various needs and circumstances.

In one embodiment, to update the map data of digital maps,
the mapping computing entity 110 can perform the steps
described in U.S. application Ser. No. 12/878,342—which is
hereby incorporated in its entirety by reference. As described
in U.S. application Ser. No. 12/878,342, the mapping com-
puting entity 110 can update digital maps by storing various
attributes and location information for the corresponding ser-
viceable points (referred to as serviceable addresses in the
incorporated application). Updating all of the inaccuracies in
the map data can greatly increase the usefulness and accuracy
of the map data. However, even updating just the outliers in
the map data, the usefulness and accuracy of the map data.

IV. CONCLUSION

Many modifications and other embodiments of the inven-
tions set forth herein will come to mind to one skilled in the art
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to which these inventions pertain having the benefit of the
teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the
inventions are not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended
claims. Although specific terms are employed herein, they are
used in a generic and descriptive sense only and not for
purposes of limitation.

The invention claimed is:

1. A method for determining the accuracy of map data, the
method comprising:

determining, via one or more processors, an estimated

distance for traveling from a first serviceable point to a
second serviceable point, the estimated distance (a)
determined based at least in part on map data and (b)
comprising a route from the first serviceable point to the
second serviceable point based at least in part on the map
data;

determining, via the one or more processors, an actual

distance traveled by a vehicle via a street network of
street segments from the first serviceable point to the
second serviceable point based at least in part on
telematics data, the telematics data collected by a
telematics device affixed to the vehicle while the vehicle
traveled a route from the first serviceable point to the
second serviceable point via the street network of street
segments;

providing, via the one or more processors, for simulta-

neous display via an interface of (a) at least a portion of
the route from the first serviceable point to the second
serviceable point based at least in part on the map data
and (b) at least a portion of the route traveled by the
vehicle from the first serviceable point to the second
serviceable point via the street network of street seg-
ments;

identifying, via the one or more processors, a segment of

duplicate travel in the actual distance by identifying (a)
afirst segment of travel having a first heading over a first
street segment of the street network of street segments
and (b) a second segment of travel having the first head-
ing over the first street segment of the street network of
street segments;

determining, via the one or more processors, the accuracy

of the map data based at least in part on the difference
between the estimated distance and the actual distance,
wherein determining the accuracy of the map data com-
prises excluding the segment of duplicate travel from the
actual distance; and

updating, via the one or more processors, the map data to

reflect the actual distance that excludes the segment of
duplicate travel.

2. The method of claim 1, wherein the accuracy of the map
data is expressed as a percentage.

3. The method of claim 1, wherein the accuracy of the map
data is expressed as a distance.

4. The method of claim 1, wherein the travel from the first
serviceable point to the second serviceable points comprises
a plurality of intermediate serviceable points.

5. The method of claim 1, wherein the difference between
the estimated distance and the actual distance comprises one
or more underages in the map data.

6. The method of claim 1, wherein the difference between
the estimated distance and the actual distance comprises one
or more overages in the map data.

7. An apparatus comprising at least one processor and at
least one memory including computer program code, the at
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least one memory and the computer program code configured
to, with the processor, cause the apparatus to at least:
determine an estimated distance for traveling from a first
serviceable point to a second serviceable point, the esti-
mated distance determined based at least in part on map
dataand (b) comprising a route from the first serviceable
point to the second serviceable point based at least in
part on the map data;

determine an actual distance traveled by a vehicle via a

street network of street segments from the first service-
able point to the second serviceable point based at least
in part on telematics data, the telematics data collected
by a telematics device affixed to the vehicle while the
vehicle traveled a route from the first serviceable point to
the second serviceable point via the street network of
street segments;

provide for simultaneous display via an interface of (a) at

least a portion of the route from the first serviceable
point to the second serviceable point based at least in
parton the map data and (b) at least a portion of the route
traveled by the vehicle from the first serviceable point to
the second serviceable point via the street network of
street segments;

identify a segment of duplicate travel in the actual distance

by identifying (a) a first segment of travel having a first
heading over a first street segment of the street network
of street segments and (b) a second segment of travel
having the first heading over the first street segment of
the street network of street segments;

determine the accuracy of the map data based at least in

part on the difference between the estimated distance
and the actual distance, wherein determining the accu-
racy of the map data comprises excluding the segment of
duplicate travel from the actual distance; and

update the map data to reflect the actual distance that

excludes the segment of duplicate travel.

8. The apparatus of claim 7, wherein the accuracy of the
map data is expressed as a percentage.

9. The apparatus of claim 7, wherein the accuracy of the
map data is expressed as a distance.

10. The apparatus of claim 7, wherein the travel from the
first serviceable point to the second serviceable points com-
prises a plurality of intermediate serviceable points.

11. The apparatus of claim 7, wherein the difference
between the estimated distance and the actual distance com-
prises one or more underages in the map data.

12. The apparatus of claim 7, wherein the difference
between the estimated distance and the actual distance com-
prises one or more overages in the map data.

13. A computer program product comprising at least one
non-transitory computer-readable storage medium having
computer-readable program code portions stored therein, the
computer-readable program code portions comprising:

an executable portion configured to determine an estimated

distance for traveling from a first serviceable point to a
second serviceable point, the estimated distance deter-
mined based at least in part on map data and (b) com-
prising a route from the first serviceable point to the
second serviceable point based at least in part on the map
data;

an executable portion configured to determine an actual

distance traveled by a vehicle via a street network of
street segments from the first serviceable point to the
second serviceable point based at least in part on
telematics data, the telematics data collected by a
telematics device affixed to the vehicle while the vehicle
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traveled a route from the first serviceable point to the
second serviceable point via the street network of street
segments;

an executable portion configured to provide for simulta-
neous display via an interface of (a) at least a portion of
the route from the first serviceable point to the second
serviceable point based at least in part on the map data
and (b) at least a portion of the route traveled by the
vehicle from the first serviceable point to the second
serviceable point via the street network of street seg-
ments;

an executable portion configured to provide identify a seg-
ment of duplicate travel in the actual distance by identi-
fying (a) a first segment of travel having a first heading
over a first street segment of the street network of street
segments and (b) a second segment of travel having the
first heading over the first street segment of the street
network of street segments;

an executable portion configured to determine the accuracy
of the map data based at least in part on the difference
between the estimated distance and the actual distance,

5

30

wherein determining the accuracy of the map data com-
prises excluding the segment of duplicate travel from the
actual distance; and

an executable portion configured to update the map data to

reflect the actual distance that excludes the segment of
duplicate travel.

14. The computer program product of claim 13, wherein
the accuracy of the map data is expressed as a percentage.

15. The computer program product of claim 13, wherein
the accuracy of the map data is expressed as a distance.

16. The computer program product of claim 13, wherein
the travel from the first serviceable point to the second ser-
viceable points comprises a plurality of intermediate service-
able points.

17. The computer program product of claim 13, wherein
the difference between the estimated distance and the actual
distance comprises one or more underages in the map data.

18. The computer program product of claim 13, wherein
the difference between the estimated distance and the actual
distance comprises one or more overages in the map data.

#* #* #* #* #*
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